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Abstract : Poplar leaf defoliator, Clostera fulgurita (Walker) larvae were 
reared on three Populus deltoides clones (PL1, PL5 and PL7) in the 
laboratory. The nutritional indices were computed for working out the 
relationship between food consumption and growth rate of 3rd, 4th and 
5th instar larvae on three clones. The result showed that the consumption 
index (Cl), approximate digestibility (AD), growth rate (GR), relative 
growth rate (RGR) and efficiency of conversion of ingested food (ECI) 
decreased with the increase in the age of the larvae. Efficiency of con¬ 
version of digested food (ECD) increased with increase in age of the 
larvae. GR and RGR varied significantly, indicating that larval develop¬ 
ment was enhanced on PL1 as compared to PL5 & PL7. The values of 
AD, ECI and ECD were not affected by the different clones. Feeding and 
growth indices could be useful to define a defoliation prediction model. 
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Introduction 

Clostera fulgurita (Walker) (Lepidoptera Notodontidae) is a 
major leaf defoliator of young Populus plantations in Punjab, 
Haryana, Uttaranchal and Uttar Pradesh (Singh and Prasad 1985; 
Sohi 1990; Thakur 2000). The larvae prefer feeding on young 
and succulent leaf tissue. A large proportion of young Populus 
plantation is composed of trees which have higher percentage of 
preferred leaf tissue for larvae and such trees are more suscepti¬ 
ble to the defoliator throughout their rotation age. Defoliation of 
poplar trees results in reduced vigour & growth and increased 
susceptibility to insect & pathogens, leading to death of the indi- 
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vidual terminal shoot or entire tree. Preference of the larvae to¬ 
wards a particular clone/host plant is governed by many factors. 
It is widely recognized that plant species differ greatly in terms 
of their suitability as hosts for insect growth, survival and repro¬ 
duction. Nutritional indices indicate the degree of insect host 
interaction and the nutritional suitability of the host plant. The 
larvae of C. fulgurita thrive well on different clones grown in the 
area. For a holistic understanding of insect plant interaction, 
comprehensive studies on nutritional preference and feeding 
potential of C. fulgurita are needed. Hence, the effect of three 
popular clones (PL1, PL5 and PL7) on the insect nutrition and 
growth was assessed in laboratory. 

Materials and methods 

Materials 

Studies on the consumption and utilization of poplar leaves by C. 
fulgurita were carried out as per standard gravimetric methods 
described by Waldbaur (1968).Newly hatched larvae (0-24 h) 
obtained from the nucleus culture were used for the experiment. 
The larvae were reared on each clone in ventilated plastic vials 
(30 mm at diameter and 100 mm in height) with a photoperiod of 
16:8 (L:D) at temperature regime of (25±2)°C and relative hu¬ 
midity of (80±5)%. Populus deltoides clones, PL1, PL5, and PL7, 
were taken for the study. Leaves from the clones raised under 
screen house conditions in pots were taken and washed with 
water before using. 

Methodology 

The growth and development of C. fulgurita larvae on PL1, PL5 
and PL7 clones of poplar were studied under “NO Choice” con¬ 
ditions in the laboratory. The newly hatched larvae (90 larvae in 
all i.e. 30 larvae reared on each of the three clones) of uniform 
age obtained from the culture were kept in petri dishes with sin¬ 
gle leaf of each of the three poplar clones. As soon as the larvae 
entered third instar, leaves (weighed) of the three clones were 

4^ Springer 












84 


Journal of Forestry Research (2011) 22(1): 83-86 


provided to the larvae in ventilated plastic vials in different 
treatments and the larval weight was recorded individually. Ten 
larvae per replication (one larva per petri dish) were exposed to 
each clone and they were three replications for each treatment. 
To work out the corrected weight of the leaves consumed by the 
larvae in each replication, one leaf (weighed) per petri dish was 
kept without releasing the larvae. The weight of the leaf was 
recorded every 24 h. The decrease in weight was attributed to 
moisture loss. The larvae that died during the course of the ex¬ 
periment were replaced by healthy larvae were reared on the 
same clone. The moulting of the larvae into the next instar was 
also recorded based on head capsule exuviae. 

Old leaves of each clone in each petri dish were replaced with 
new leaves (weighed) of each clone at every 24 h after exposure. 
The unconsumed leaf and the faecal matter in the Petri dish were 
also weighed. All weights were measured using an electronic 
balance. This data were recorded from each petri dish for each 
poplar clone individually. Feeding potential of the defoliator was 
worked out by calculating the average leaf consumption in the 
different larval instars and leaf consumption rate was worked out. 
From these data, the physiological indices (consumption index, 
growth rate, relative growth rate, approximate digestibility, effi¬ 
ciency of conversion of ingested food and efficiency of conver¬ 
sion of digested food) were calculated for each instar (3-5 instar) 
on clone (PL1, PL5 and PL7) on basis of the formulae (Waldbaur 
1968). 

Consumption index (Cl): 

CI=F/T a (1) 

where, *F is the corrected weight of the food eaten; T is the du¬ 
ration of feeding period (days); A is mean fresh weight of the 
larvae during feeding period. *F= [l-a/2\ \W-{L+bL)\, where, 
W is the weight of food introduced; L the weight of uneaten food, 
a the ratio of moisture loss to the initial weight of aliquot, and b 
is the ratio of moisture loss to the final weight of aliquot. 

Growth rate (GR): 

GR = G / A (2) 

where, G is fresh weight gain of larvae during feeding period, 
and A is mean fresh weight of the larvae during feeding period. 

Relative growth rate (RGR): 

RGR = G / A t or G R /T (3) 

where, T is duration of the feeding period (days). 

Efficiency of conversion of ingested food (ECI): 

ECI = W g / W , x 100 % (4) 

where, W g is the weight gained, and W x is the weight of food 
injested. 

Approximate digestibility(AD): 

AD = El ~ El x 100 % (5) 

w, 

where, W 2 is weight of feaces. 
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Efficiency of conversion of digested food (ECD) 

ECD = W g /(W x - W 2 ) ( 6 ) 

Mean larval weight (larval period/larval instar): 

M, = ^L w !D, (V) 

where, L w is the larval weight, and D/ is the duration of larval 
period/larval instar. 

The nutritional indices worked out for the larval instars and 
the poplar clones were subjected to analysis of variance. LSD 
was calculated at 5% level to see the differences among individ¬ 
ual effects. Further, correlation coefficients between combina¬ 
tions of parameters were estimated to measure the strength of 
linear relationship at 5% confidence level. Percentage data in the 
case of AD, ECI and ECD were normalized before analysis. 

Results 

Larval instars 

Consumption index indicates the relationship between consump¬ 
tion of food (poplar foliage) and body weight (g) of the larvae 
within specified period (24 h). It was evident from the data in 
Table 1 that mean Consumption index (Q) was highest (2.88) in 
third instar, compared with fourth and fifth instar and it de¬ 
creased with increase in age of the larvae (Fig. 1). The Cl values 
of 2.88, 2.57 and 2.07 were recorded in third, fourth and fifth 
instar larvae respectively, which differed significantly from each 
other. 



3 instar 4 instar 5 instar 
Larval instar 


Fig. 1 The trends of physiological indices of different larval instars 
of Clostera fulgurita 

The growth rate (GR) explains gain in larval weight in a unit 
time (24 h). Growth rate directly affects the speed of larval 
growth, which depends on the food or abiotic factors like tem¬ 
perature and relative humidity. During winter months, the larval 
growth and development is slow, compared to summer months. 
The life cycle of most insects is lengthened during winters. The 
mean value of GR was highest (0.64) in third instar and it de¬ 
creased with increase in ages of the larvae (Table 1, Fig 1). The 
GR values of 0.64, 0.57 and 0.47 were recorded in third, fourth 
and fifth instar, respectively. These values did not differ signifi¬ 
cantly from each other. 
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The relative growth rate (RGR) indicates that the digested 
food is available in accordance to increase in body weight of the 
insect in a given period of time. The RGR for the larval instars 
differed significantly (Table 1). Maximum mean RGR was re¬ 
corded in third instar (0.195), followed by fourth instar (0.157) 
and fifth instar (0.105). 

Approximate digestibility (AD) is a portion of the efficiency 
of conversion of food. The data revealed a gradual decline in AD 
in successive instars (Table 1). Mean AD for larval instars was 
the maximum in third instar (55.28%), followed by fourth instar 
(52.48%) and fifth instar (48.05%, Fig. 1). 

The efficiency of conversion of ingested food (ECI) was an 
overall index of the insect ability to utilize foliage for growth. 
The mean ECI value was highest (28.45%) in the third instar 
larvae, but it significantly decreased in fourth instar and reached 
a lowest value (26.16%) in the fifth instar (Table 1 and Fig 1). 


The efficiency of conversion of digested food (ECD) was an 
index of the insect to assimilate and convert food into body sub¬ 
stances. The ECD varies with the level of intake and nutritional 
value of food utilized for metabolic activities. The mean ECD 
value was lowest (37.72%) in the third instar larvae, which sig¬ 
nificantly increased in fourth instar and was highest (40.09%) in 
the fifth instar (Table 1 and Fig 1). 

Poplar clones 

The Cl differed non-significantly among the tested clones (PL1, 
PL5 and PL7) in Table 2. However, it was numerically highest 
(2.65) in PL5, followed by 2.61 (PL7) and 2.26 (PL1). This in¬ 
dicated that all the three clones were suitable as host plants for 
Clostera larval feeding. 


Table 1. Growth and development indices of different larval instars of Clostera fulgurita fed on leaves of Populus deltoides under laboratory 
conditions 

_ Larval growth and development indices (Mean values) _ 

Larval instar Consumption index Growth rate Relative growth Rate Approximate digestibil- Efficiency of conversion of Efficiency of conversion of 



(mg mg’ 1 d’ 1 ) 

(mg d' 1 ) 

(mg mg’ 1 d’ 1 ) 

ity (%) 

ingested food (%) 

digested food (%) 

Third 

2.88 ± 0.35* 

0.64 ±0.03 

0.195 ±0.04 

67.57 ± 2.64 

22.68 ± 0.64 

37.42 ±3.07 

Fourth 

2.57 ±0.30 

0.57 ±0.03 

0.157 ± 0.15 

62.93 ±2.30 

21.35 ±0.52 

39.77 ±4.15 

Fifth 

2.07 ± 0.29 

0.47 ± 0.04 

0.105 ±0.01 

55.35 ± 1.93 

19.46 ±0.44 

41.54 ± 4.12 

LSD at 5 % 

0.25 

0.02 

0.007 

(1.15) 

(0.32) 

(1.77) 

Note: * presents Standard Deviation (SD). 





Table 2. Effect of different clones of poplar on the larval growth and development indices of Clostera fulgurita under laboratory conditions 

(Pooled analysis) 









Larval growth and development indices 


Clone 

Consumption index 

Growth rate 

Relative growth rate Approximate digesti- 

Efficiency of conversion 

Efficiency of conversion 


(mg mg’ 1 d’ 1 ) 

(mg d' 1 ) 

(mg mg’ 1 d’ 1 ) 

bility (%) 

of ingested food (%) 

of digested food (%) 

PL 1 

2.26 ±0.25* 

0.59 ± 0.02 

0.17 ±0.008 

63.88 ± 1.08 

21.46 ±0.26 

42.59 ±2.58 

PL 5 

2.65 ±0.10 

0.54 ±0.01 

0.15 ±0.004 

61.01 ±0.50 

20.82 ±0.33 

38.25 ±2.67 

PL 7 

2.61 ±0.35 

0.56 ±0.01 

0.12 ±0.008 

61.46 ±2.67 

25.24 ±0.55 

37.87 ±3.68 

LSD at 5 % 

NS 

0.02 

0.01 

NS 

NS 

NS 


Note: * presents Standard Deviation (SD). 

There were significant differences in GRs of the larvae fed on 
different clones of poplar. GR was minimum on PL5 (0.54) and 
maximum on PL1 (0.59). PL1 proved significantly more suitable 
host plant as compared to PL7 and PL5. PL7 and PL5 were 
equally suitable clones. 

Significant differences were observed in RGR of larvae fed on 
different clones of poplar. RGR was minimum on PL7 (0.12) and 
maximum on PL1 (0.17). PL7 was the least suitable host while 
PL1 was the most suitable for larval development. 

Approximate digestibility values for C. fulgurita larvae reared 
on different clones were statistically non-significant. Maximum 
approximate digestibility was recorded on PL1 (63.88%), fol¬ 
lowed by 61.46% (PL7) and 61.01% (PL5). It is indicated that 
the foliage of all the clones was equally assimilated by Clostera 
fulgurita larvae. 

The differences in ECI values of larvae of C. fulgurita reared 


on different clones of poplar were statistically non-significant 
(Table 2). However, numerically higher value was recorded on 
PL1 (21.46%). Foliage of all the clones was equally utilized by 
the larvae for growth. 

There were not significant differences in ECD values of larvae 
of C. fulgurita reared on different clones. Maximum E CD was on 
PL1 (42.59%), followed by PL5 (38.2%) and PL7 (37.87%). 
Foliage of all the clones was efficiently converted into body 
substances by the larvae. 

Pooled analysis of the indices indicated that all the clones 
were equally suitable for larval growth and development. How¬ 
ever, the respective larval instar had the varied efficiency in util¬ 
izing the foliage of Populus deltoides. In the third instar larvae, 
there was most efficiency in w.r.t Cl, GR, RGR, AD and ECI. In 
the fifth instar larvae, there was most efficiency in converting the 
assimilating food into body substances 

<£) Springer 











86 


Journal of Forestry Research (2011) 22(1): 83-86 


Discussion 

Consumption index, growth rate, relative growth rate, approxi¬ 
mate digestibility and efficiency of conversion of ingested food 
were found to vary significantly in third, fourth and fifth instars. 
The Cl, GR, RGR, AD and ECI were highest in the third instars 
and they were significantly decreased in the fourth instar and 
were the least in the fifth instar. The efficiency of conversion of 
digested food followed the opposite trend i.e. the highest index 
value being in the fifth instar and the lowest in the third instars. 

Kumar and Ahmad (2000) also reported that Cl decreased 
from (28.60=1=1.84) first instar to fifth instar (0.72±0.02) of Or¬ 
gyia postica larvae on Paulownia leaves. The decline in the Cl in 
successive instars is due to the increasing body weight of the 
larvae and has been corroborated by many workers (Bailey and 
Singh 1977; Vats et al. 1977; Mackey 1978; Vats and Kaushal 
1980 and Slansky and Scriber 1981). However, highest Cl was 
observed in fifth instar (8.60) and lowest in first instar (0.82) by 
Ahmad et al. (2002) but these observations were based on the 
body length of the larvae. 

Growth rate was significantly higher in third instar than the 
other instars. Similar, results have been recorded in lepidopterous 
larvae. However, opposite trends of GR with increasing age of 
larvae were reported by Ahmad et al. (2002) in C cupreata based 
on body length of the larvae. 

The RGR decreased with increase in age of the larvae (Fig 1). 
Similar, observations have been reported by Ahmad et al. (2002) 
on C. cupreata based on body length of the larvae. Kumar and 
Ahmad (2000) also corroborated the trend in case of Orgyia 
postica on Paulownia. The trend of RGR in different larval in¬ 
stars showed that a greater amount of consumed food was util¬ 
ized during initial stages of larval development to enhance the 
growth of the body. 

The decline in AD values with age of the larvae was attributed 
to varying food habits and efficiency of food utilization in dif¬ 
ferent larval instars. It was probably due to the fact that smaller 
instars (1-3) chewed off smaller pieces of food resulting in en¬ 
hanced digestibility for the foliage. Young leaf feeders might 
also ingest a greater proportion of easily digestible broken tissues. 
The young larvae are more selective feeders and choose more 
digestible foliage from the intravenous portions of the fresh and 
young leaves, compared with older larvae (Bailey 1976). 

The AD & ECI trends in the present study (decreased from 3rd 
to 5th instar) are corroborated in C. cupreata (Ahmad et al. 2002; 
Gupta and Maleyvar 1981), in Pieris brassicae (Sharma et al. 
1999) and in Agrotis orthogonia and Bombyx mori (Waldbaur 
1968). However, Kumar and Ahmad (2000) reported an opposite 
trend of increase in ECI from 3rd to 5th instar in Orgyia postica 
on Paulownia. Slansky and Scriber (1981) described that ECI 
increased, decreased or underwent little change in insects. In the 
present study, the decline in ECI may be partly due to concomi¬ 
tant decline in AD. 

The ECD was found to be less in first instar larval of Orgyia 
postica feeding on Paulownia and thereafter, it increased in suc¬ 
cessive instars (Kumar and Ahmad 2000). Although scanty in- 
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formation was available on the variation in ECD, the present 
findings that increasing ECD during successive larval develop¬ 
ment are corroborated by earlier workers (Evans 1938 &1939; 
Mukerji and Guppy 1970 and Bailey 1976). Vats et al. (1977) 
reported a gradual increase in ECD for young fifth instar larvae 
of Pieris brassicae. 

The increase in ECD during successive instars of an insect 
species is due to the fact that less food was used for energy and 
more was incorporated into the body matter in older larvae (Ko¬ 
gan and Cope 1974). 
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